Entamoeba histolytica and Giardia lamblia are parasitic protozoa that cause gastrointestinal disorders such as diarrhea and dysentery. Naegleria fowleri is a free living amoeba that causes primary amoebic meningoencephalitis. However, there are limited treatments for these parasitic diseases. Extracts, fractions from extracts and some isolated compounds from selected Ghanaian medicinal plants were screened against Naegleria fowleri, Giardia lamblia and Entamoeba histolytica in the search for newer and safer agents for the treatment of infections caused by these parasites. Of all the extracts and compounds tested for the activity against E. histolytica, only xylopic acid and geraniin were active with 
INTRODUCTION
Plants have been exploited for their medicinal use since 1500 BC (Chopra and Doiphode, 2002) . They serve as a (Adu-Amoah et al., 2014) and the use of Myrianthus arboreus and Alchornea cordifolia for treating wounds and other infections in Ghana .There have also been reports on the use of Hilleria latifolia as an antinociceptive agent (Woode and Abotsi, 2011) . The analgesic and anti-inflammatory activities of Xylopia aethiopica have been reported (Woode et al., 2012) and Phyllanthus muellerianus has been reported to possess anti-inflammatory activities (Boakye et al., 2016) .
Entamoeba histolytica and Giardia lamblia are parasitic protozoa that cause gastrointestinal disorders such as diarrhea and dysentery. Metronidazole, the first line drug for the treatment is reported to have unpleasant sideeffects such as a metallic taste, headache and dry mouth, and to a lesser extent nausea, glossitis, urticaria, pruritus and dark colored urine. In addition, carcinogenic, teratogenic and embryogenic properties have been documented when metronidazole is administered (Upcroft et al., 1999; Upcroft and Upcroft, 2001) .
Naegleria fowleri is a free-living amoeba that causes primary amoebic meningoencephalitis (PAM). PAM is mainly managed with amphotericin B which has a very narrow therapeutic index making it toxic for use. The toxicity and adverse effects associated with the drugs used for the treatment of these parasitic infections underscore the need for newer medicines that are safe and effective for treating infections caused by these parasites. In this light, some Ghanaian medicinal plants were selected and screened against these parasites. The plants investigated were selected due to their antimicrobial and anti-inflammatory properties, and their ethnopharmacological uses in Ghana.
MATERIALS AND METHODS

Plant materials
Plants materials (Table 1) were obtained from the Faculty of Pharmacy and Pharmaceutical Sciences, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana. Xylopic acid and geraniin were isolated from X. aethiopica and Phyllanthus muellerianus, respectively. Marine algae were obtained from the beaches at Prampram, Sakumono, Osu and James town in the Greater Accra region of Ghana. The plant samples were authenticated by Prof. Alex Asaase of the Department of Botany, University of Ghana, Legon, Ghana. Voucher specimens are kept at the Ghana Herbarium, University of Ghana, Legon, Ghana. The algae samples were authenticated by Mr. Emmanuel Klubi of the Department of Marine Science and Fisheries, University of Ghana, Legon, Ghana (Table 1) .
Preparation of plant and algae materials
The extracts were prepared by cold maceration of 300 g of powdered dry plant material in stoppered flasks containing 700 mL of the respective solvent (acetone, ethyl acetate, pet ether and methanol (Sigma-Aldrich, MO, USA) for 1 week at room temperature (28°C). After filtration using Whatmann filter paper No. 1 (Whatmann, London, UK), the solvent was evaporated under reduced pressure in a rotary evaporator at 40°C until a solid mass was obtained. The percentage yield of the various extracts related to the dried powdered plant material was determined (Table 1) . The different extracts were tightly sealed in glass vials and stored in the refrigerator at 4°C. Exhaustive successive extraction was performed on Erythrophleum ivorense bark and leaf to obtain acetone, ethyl acetate, pet ether and methanol fractions from the extracts. This was to obtain fractions of different polarities and find the most active fraction. This would also help in activity guided isolation of the active ingredient(s).
The trophozoites were axenically maintained at 37°C and 5% CO2 and the assays were performed with trophozoites maintained in the log phase of growth.
In vitro susceptibility assay
In vitro susceptibility assays were performed using a modified CellTiter Glo ® (Promega, Madison, WI, USA) method as described by Debnath et al. (2014) . Briefly, 5 x 10 3 trophozoites of G. lamblia and E. histylotica and 10 x 10 3 trophozoites of N. fowleri were incubated for 48 h at 37°C in the presence of the various extracts with concentrations within the range of 0.78 to 100 µg/mL. DMSO (Sigma-Aldrich, MO, USA) was used as solvent for preparing the concentrations of the extract. Metronidazole was used as positive control for G. lamblia and E. histylotica and amphotericin B for N. fowleri. A negative control (culture medium plus trophozoites and DMSO), and a blank (culture medium) were also included in the experimental setup. After incubation, the assay plates were equilibrated at room temperature (25°C) for 30 min and 50 μL of CellTiter-Glo® was added to each well. The plates were placed on an orbital shaker for 10 min to induce cell lysis and equilibrated at room temperature (25°C) for another 10 min to stabilize the signal. The procedure was performed in triplicates. The luminescent signal, resulting from the lysis of the cells was measured with an EnVision luminometer (Software version 1.13.3009.1401) (PerkinElmer, USA), and converted into the percentage of inhibition of the cell growth relative to maximum and minimum reference signal controls using the following equation:
Percentage inhibition=
RESULTS AND DISCUSSION
For E. histolytica, only xylopic acid and geraniin were active with IC 50 values of 4.80 (13.30 μM) and 34.71 μg/mL (36.44 μM), respectively ( Table 2 ). The IC 50 of the reference drug amphotericin B was 0.2 µM. The IC 50 of the extracts and fractions were calculated using the mean and standard deviations of the percentage inhibition. The IC 50 signifies the amount or concentration of the extracts and fractions that kills 50% of the parasites. The lower the IC 50 , the more active the said extract or fraction and vice versa.
Several studies have been carried out over the years and it has been proven that plants and their isolates can be a source of anti-parasitic agents. Barbosa et al. (2007) also reported that epicatechin, a flavonoid isolated from the Geranium mexicanum exhibited potent activity against G. lamblia more than metronidazole which is widely used as the main therapy. From our results, it was observed that xylopic acid exhibited anti-parasitic activity against all the three parasites at concentrations of less than 50 µg/mL. All the parasites tested cause inflammatory conditions and xylopic acid has been shown to possess anti-inflammatory properties (Obiri et al., 2014) . Terpenes are well known to be active against protozoan parasites (Phillipson and Wright, 1991) . This could be the reason for the activity exhibited by xylopic acid. McGaw et al. (2000) reported that plant extracts and compounds containing tannins and alkaloids possess activity against diarrhea-causing parasites such as G. lamblia and E. histolytica.
U. fasciata and A. glaberrima (Jato, 2015) , E. ivorense (Adu-Amoah et al., 2014) and M. nobilis (Mothana et al., 2009 ) contain alkaloids and tannins. These bioactive constituents could have been responsible for the activity exhibited by these extracts and fractions. For all these activities observed, it could be attributed to the nature of phytochemical constituents present in the extracts and fractions. Geraniin is known to have anti-inflammatory activity (Boakye et al., 2016) and this could be the reason − − 100 for its activity against E. histolytica, which causes inflammatory conditions such as amoebic colitis (Stanley, 2003) . Xylopic acid could be said to be more active against E. histolytica than G. lamblia and N. fowleri since the IC 50 values for the parasites increased in that order. Ethyl acetate fraction of bark extract of E. ivorense exhibited activity against G. lamblia, whereas the fractions from the leaf had no activity. The extracts from A. glaberrima, M. nobilis, M. angolensis, the bark of E. ivorense and U. fasciata exhibited some activity against at least one of the parasites and therefore could be said to possess anti-parasitic activity. The extracts from the plants: H. latifolia, L. ovalifolia, P. muellerianus, and the algae H. dentata and S. vulgare, exhibited no activity against any of the parasites. Geraniin, which is an isolate from the aqueous leaf extract of P. muelleranus, exhibited activity against E. histolytica. It is possible that in the aqueous extract, the amount of the geraniin was not enough to elicit an anti-parasitic effect. 
Conclusion
